1. Introduction {#s0005}
===============

On January 30, 2020, the World Health Organization (WHO) announced that the outbreak of new coronavirus disease (coronavirus disease 2019 \[COVID-19\]) was a public health emergency of international concern (PHEIC) [@b0005], [@b0010]. It is the 6th time the WHO has declared a PHEIC since the International Health Regulations came into effect in 2005 [@b0010], [@b0015]. COVID-19 has spread to nearly 90 countries, with more than one hundred thousand confirmed cases, endangering the health of people all over the world and causing a global health crisis [@b0020], [@b0025].

In the recent effort to contain COVID-19, effective preparedness and response have been made for the prevention and control of the disease in China, and the preliminary results have been promising [@b0025], [@b0030]. However, no effective treatment for infected patients with COVID-19 has been identified or approved as of the writing of this report.

From the perspective of traditional Chinese medicine (TCM), COVID-19 can be considered a "plague." TCM has played an essential role in prevention and control of plagues in China. Throughout the history of combating plagues, TCM has gradually forged a unique and complete system with invaluable experience in both theoretical and practical levels of treatment. In recent history, TCM has provided alternative treatments for the effective prevention and control of novel acute respiratory tract infections around the world [@b0035], [@b0040]. Presently, the integration of TCM and allopathic medicine has formed the dominant treatment strategy in all COVID-19-affected areas across China [@b0045].

The Lung-toxin Dispelling Formula No. 1 (祛肺毒一号方), referred to as Respiratory Detox Shot (RDS), is based on the theory of TCM medicinal properties, the classical prescription of TCM and clinical practice. There are nine TCM ingredients in RDS: Schizonepetae Herba (Jingjie), Lonicerae Japonicae Flos (Jinyinhua), Forsythiae Fructus (Lianqiao), Scrophulariae Radix (Xuanshen), Gleditsiae Spina (Zaojiaoci), Armeniacae Semen Amarum (Kuxingren), Nidus Vespae (Fengfang), Glycyrrhizae Radix et Rhizoma (Gancao) and Ginseng Radix et Rhizoma (Renshen). The nine TCM ingredients in this prescription have been used together as an herbal formula in clinical practice for more than a decade and have been effective for the prevention and treatment of acute respiratory tract infections, as well as the common cold and flu. In recent months, clinical trials of RDS have been conducted to evaluate its efficacy in patients with severe/critical COVID-19 pneumonia, finding that RDS has treatment value and no observed side effects [@b0050]. Additionally, eight out of the nine ingredients in RDS are plant-derived; the other ingredient is honeycomb. All nine ingredients are approved as dietary supplements by the United States Food and Drug Administration, indicating that their long-term use is considered to be safe in the US. RDS has therapeutic benefits in both disease prevention and treatment against COVID-19; these benefits may have global significance [@b0050].

TCM has substantial advantages in treating complicated and severe diseases and has strong clinical support, but it is still considered as an alternative or complementary medicine, mainly because of that the specific biochemically active constituents of its prescriptions or their mechanisms of action are not identified. The critical problem of the COVID-19 pandemic demands novel strategies that reach beyond conventional antiviral treatments [@b0040], [@b0055], [@b0060], [@b0065]. To better understand and promote the clinical use of RDS globally, this study investigates important biochemical constituents present in the formula and the biological processes that they may effect, eliciting the therapeutic effects of RDS.

Even though technological limitations in drug research have been reduced over time, challenges still exist in studying the biochemically active constituents present in TCM prescriptions and their mechanisms of action. TCM prescriptions present a complex chemical system, comprised of multiple TCM herbs. The complex nature of TCM makes it difficult to study the action of the full prescription through the reductionist approach taken in contemporary medical research, which would recommend separating out individual herbal ingredients and potential targets in the investigation process [@b0070], [@b0075]. In the era of -omics technologies, a vast amount of data have become available and in some avenues of research, the focus has shifted emphasis from the classic "drug-reductionist" to the novel "drug-holistic" system-based approaches [@b0080]. Network pharmacology is a branch of systems biology, which explores the correlation between drugs and diseases from a comprehensive perspective; this is consistent with the holistic view, systematic approach and compatibility principle of TCM [@b0085], [@b0090], [@b0095].

The structure of 3-chymotrypsin-like protease (3CL^pro^) was determined after the emergence of severe acute respiratory syndrome (SARS) [@b0100], [@b0105]. It is the main protease that cleaves host polyproteins into viral replication-related proteins, and is highly conserved across the coronavirus family, including SARS coronavirus 2 (SARS-CoV-2), SARS coronavirus (SARS-CoV) and Middle East respiratory syndrome coronavirus [@b0110]. Therefore, it is an important target for the design of potential anti-coronavirus inhibitors [@b0115]. One efficient approach used to screen potential active compounds against specific target proteins, such as 3CL^pro^, is molecular docking simulation [@b0110], [@b0115], [@b0120], [@b0125]. It is a universal and efficient approach in modern drug design and drug discovery.

The present study is designed based on the success of network analysis. A network of interactions among each TCM in the RDS formula, their meridian tropism, chemical composition and potential target proteins was established to investigate the possible pathways of action. This approach helps to predict the biochemically active constituents of this TCM prescription; it also provides a way to develop an in-depth understanding of how a complex drug system works to treat a complex disease. It is an important research strategy to understand the possible intervention mechanism of RDS on COVID-19 from the perspective of the biological and molecular networks. This knowledge could help to develop an early prevention and treatment scheme to manage COVID-19 pneumonia. In this study, the ability of the active constituents of RDS to bind with SARS-CoV-2 3CL^pro^ (6LU7) was evaluated using computational pattern recognition to test the likelihood of molecular docking. Finally, the chemical constituents present in RDS were tested against the putative biochemically active constituents identified in this study using ultrahigh-performance liquid chromatography (UPLC), coupled with tandem mass spectrometry in data-independent analysis mode (MS^E^) with non-targeted and targeted approaches. Through the above studies, biochemically active constituents from the RDS formula and their likely pathways of action were identified.

2. Materials and methods {#s0010}
========================

Version, accession information and web addresses of the databases and software are listed in the online supplementary [Table S1](#s0155){ref-type="sec"}. Due to the differences in data entry format across databases and platforms, we use HUGO Gene Nomenclature Committee (HGNC) gene symbol format to present the genes in our study to avoid confusion or incompatibility in data processing [@b0130].

2.1. Network pharmacology {#s0015}
-------------------------

### 2.1.1. Construction of the ingredient--property--flavor--meridian tropism network for RDS prescription {#s0020}

There are nine ingredients in the RDS prescription, and the corresponding information about their TCM properties (hot, cold, warm, cool and neutral), flavors (sweet, bitter, pungent and salty) and meridian tropisms (Lung, Stomach, Heart, Spleen, Liver, Kidney, Large Intestine and Small Intestine) were compiled from the 2015 *Chinese Pharmacopoeia*, Encyclopedia of Traditional Chinese Medicine (ETCM), Symptom Mapping (SymMap), Natural Product Activity and Species Source Database (NPASS) and Traditional Chinese Medicines Integrated Database (TCMID; [Table S1](#s0155){ref-type="sec"}) [@b0135], [@b0140], [@b0145], [@b0150], [@b0155], [@b0160]. A network of ingredient--property--flavor--meridian tropism was constructed using Cytoscape 3.7.2 [@b0165]. Connection degree was calculated by Cytoscape as a measure of the number of "in" and "out" links one node has to other nodes.

### 2.1.2. Chemical constituent database construction, target prediction and target gene retrieval {#s0025}

Chemical constituents contained in each of the nine ingredients of the RDS prescription were obtained from two TCM databases: Traditional Chinese Medicine Systems Pharmacology (TCMSP, <http://www.tcmspw.com/tcmsp.php>) or TCMID ([http://119.3.41.228:8000/tcmid/](http://119.3.41.228%3a8000/tcmid/){#ir010}) [@b0150], [@b0155]. The predicted targets of these constituents were acquired from the TCMSP database by setting the built-in drug-likeness screening criteria as oral bioavailability ≥ 30% and drug-likeness ≥ 0.18. Constituents identified from the TCMID database were first applied to the FAFDrugs4 platform, an external drug-likeness screening database, and only compounds passing the Drug-like soft filters were kept for the next stage of target prediction [@b0170]. Information on individual chemical constituents was further processed with SEA, TargetNet and SwissTargetPrediction databases to further describe their predicted targets, as described in our earlier study [@b0095], [@b0175], [@b0180], [@b0185]. Targets predicted using the above two strategies were pooled, and detailed information about the genes corresponding to the predicted targets was queried using UniProt, GeneCards and STRING databases [@b0190], [@b0195], [@b0200].

### 2.1.3. Construction of the RDS network {#s0030}

Cytoscape 3.7.2 software was used to construct the network and conduct topological analysis [@b0165]. The binary high-quality interactome of *Homo sapiens* (62435 queries, on 03/04/2020) was downloaded from the High-quality INTeractomes (HINT) database, which curates a compilation of high-quality protein--protein interactions from eight interactome resources [@b0205]. All the downloaded queries were processed by Cytoscape, and an HINT network was constructed as an initial framework, using the method described by Zhao et al. [@b0210]. Then, the RDS targets, identified above, were mapped onto the HINT network and this system was referred to as the RDS network.

### 2.1.4. Submodule recognition and protein--protein interaction analysis of the RDS network and the KEGG biological pathway enrichment {#s0035}

To better understand the RDS network, submodules of the network were clustered using the MCODE plug-in for Cytoscape [@b0095], [@b0165], [@b0215]. Each submodule represents a group of genes that require tight mutual regulation to achieve their molecular functions. The default settings of the MCODE plug-in were adopted as follows: Network Scoring-Include Loops: false; Degree Cutoff: 2; Cluster Finding-Node Score Cutoff: 0.2; Haircut: true; Fluff: false; K-Core: 2; Max. Depth from Seed: 100. The biological pathways involved in the submodules were further analyzed. To explore the structural and functional connections of the genes in the submodules, enrichment analysis of "protein complex-based gene sets" was performed using the ConsensusPathDB (CPDB) database [@b0220], [@b0225].

### 2.1.5. Construction of the RDS hub gene network and evaluation of RDS regulatory strength on the targets {#s0040}

To further focus on the more important genes among the 148 targets in the RDS network, the RDS hub gene network was constructed by selecting the corresponding nodes and edges with the highest degree of connection. In the RDS network, nodes with the highest connection score were defined as "RDS hub genes."

To evaluate the strength of individual constituents in the RDS prescription on the RDS hub gene network, we introduced a parameter called target "regulated strength score (RSS)," which was defined as follows:$$\mathit{RSS} = \sum\limits_{i = 1}^{n}C_{i}$$where *n* is the total number of chemical constituents that target each RDS hub gene and *C~1~ (C~2~, C~3~...C~n~)* is the number of ingredients in the RDS formula that contain that constituent*.*

The higher the RSS, the stronger the effect compounds in the prescription are on the targets.

### 2.1.6. Target-pathway and disease-target construction with DAVID and STRING databases {#s0045}

The RDS hub genes were analyzed with the STRING database for KEGG pathway enrichment analysis within the scope of human disease, and the false discovery rate (FDR) was set below 1 × 10^−6^ [@b0200].

Analyses were performed on RDS hub genes using both STRING and DAVID databases for disease-related pathways. For the DAVID database, "functional annotation clustering" was chosen under disease analysis [@b0200], [@b0230], and the "Classification stringency" was set at high, prior to discovering disease pathways. The disease-related pathways from both databases were combined, and entries with non-specific disease pathways were manually removed. Viral infection-related disease pathways were listed in their own group, and other disease pathways were further classified based on their affected meridians in TCM Zang-fu viscera theory.

An integrative network was constructed based on the disease pathways, their corresponding meridian tropism, RDS hub genes, corresponding chemical constituents and TCM ingredients.

2.2. Molecular docking of RDS chemical constituents with SARS-CoV-2 3CL^pro^ (6LU7) {#s0050}
-----------------------------------------------------------------------------------

The three dimensional (3D) structures of the chemical constituents of RDS were first constructed with ChemOffice software and saved in mol2 format; their energies were minimized under a MMFF94 force field. The 3D structure of 3CL^pro^ was downloaded from the RCSB Protein Data Bank (PDB) in PDB format [@b0235], [@b0240]. PyMOL software was used for protein dehydrating, hydrogenation and other operations, while the AutoDock software was used to convert the compounds and target protein format to PDBQT format [@b0245]. Finally, AutoDock Vina was run for virtual docking [@b0250]. A binding energy less than zero indicates that a ligand can spontaneously bind to the receptor. It is generally accepted that when the conformation of ligand and receptor binding is stable, the lower the energy is, the more likely the binding is to occur. The binding energy ≤  − 5.0 kJ/mol was selected as the screening criteria.

2.3. Analysis of chemical material basis of RDS {#s0055}
-----------------------------------------------

### 2.3.1. Reagents and materials {#s0060}

High-performance liquid chromatography grade methanol and gradient grade acetonitrile were obtained from Fisher Scientific (Ottawa, Canada) and Merck KGaA (Darmstade, Germany), respectively. Liquid chromatography--mass spectrometry (LC--MS) grade ammonium formate was purchased from Fluka (Buchs, Switzerland), and formic acid 98%--100% from Merck KGaA was used to prepare the mobile phase. Type-1 water (18.2 MΩ.cm) was obtained from Milli-Q Biocel (Millipore, Billerica, MA, USA). All chemical standards were purchased from Shanghai Standard Technology Co., Ltd. and Chengdu DeSiTe Biological Technology Co., Ltd.

Each of the nine herbs and the decoction of RDS were provided by Shanghai Cai Tong De Pharmacy, China.

### 2.3.2. Sample preparation and solutions {#s0065}

Dried powder (0.3 g) from an RDS decoction was placed in a 50 mL centrifuge tube, soaked and ultrasonically solubilized in 25 mL of 50% methanol (v/v) for 30 min. After centrifugation at 11,000 r/min for 10 min, the supernatant was used in further analysis. Each of the herbs was also extracted separately in water and dried under vacuum. A 0.1 g sample of the dried powder from each extract was solubilized following the above method.

For identification, the stock solution of each chemical standard was prepared in methanol, and two mixed standard solutions were diluted with 50% methanol (v/v) to about 20 μg/mL.

### 2.3.3. UPLC/quadrupole time-of-flight MS^E^ conditions {#s0070}

The LC-MS analysis was performed on a Waters ACQUITY I-Class UPLC (Waters, Milford, MA, USA), equipped with a binary solvent manager, a sample manager and a column manager. A Waters HSS T3 column (2.1 mm × 150 mm, 1.7 μm) was equipped together with a Waters in-line filter. Samples were run at 35 °C. The mobile phase consisted of acetonitrile containing 0.1% formic acid (v/v) (B) and water containing 0.1% formic acid (v/v) (A). The following gradient elution program was used: 0--2 min, 0--2% (B); 2--22 min, 2%--60% (B); 22--24 min, 60%--90% (B); 24--29 min, 90% (B); 29--30 min, 90%--100% (B); 30--35 min, 100% (B); 35--36 min, 100%--0% (B); 36--41 min, 0% (B). Post-column infusion was performed with methanol containing 10 mmol/L ammonium formate and 0.05% formic acid (0.2 mL/min). The flow rate was set at 0.4 mL/min. A 2 μL aliquot of each test solution was injected for UPLC analysis.

High-accuracy mass spectrometric data were recorded on a Waters Xevo G2-S QTOF mass spectrometer (Waters, Manchester, UK). Tune parameters were set for LC--MS in data-independent analysis mode (LC--MS^E^) experiments: capillary voltage was 2.5 kV (negative mode) and 3.0 kV (positive mode); sampling cone was 40 V; source offset voltage was 60 V; source temperature was 150 °C; desolvation temperature was 500 °C; cone gas flow was 20 L/h and desolvation gas was 800 L/h. The mass analyzer scanned over a mass range of 50--1200 D within 0.1 s under low collision energy at 6 V. A high collision energy ramp of 15--60 V for negative mode and positive mode was employed. Data calibration was performed using an external reference (LockSpray™) infused with 1 ng/μL of leucine enkephalin (Sigma-Aldrich, St. Louis, MO, USA) at a flow rate of 5 μL/min and with reference to the ion *m/z* 554.2620 for negative and 556.2766 for positive. Data acquisition was controlled by MassLynx V4.1 software (Waters Corporation, Milford, USA). Automatic metabolite characterization was performed using UNIFI 1.9.4 (Waters, Milford, USA) through the search of in-house library.

3. Results {#s0075}
==========

3.1. Network pharmacological results {#s0080}
------------------------------------

### 3.1.1. The ingredient--property--flavor--meridian tropism network for RDS prescription {#s0085}

Based on TCM theory, the nine ingredients in RDS were classified by their property, flavor and meridian tropism ([Fig. 1](#f0005){ref-type="fig"} and [Table 1](#t0005){ref-type="table"} ). A network was constructed among elements of the TCM classification system ([Table 1](#t0005){ref-type="table"}) and the nine ingredients of the RDS prescription, using the Cytoscape software ([Fig. 1](#f0005){ref-type="fig"}). The three nodes with the highest degree of connection in the network are Lung, Stomach and Heart, with corresponding connection values of seven, five and four, respectively. Seven ingredients in RDS are associated with the Lung meridian; Gleditsiae Spina and Nidus Vespae are the exceptions. Among the flavor nodes, the three with the greatest degree of connection are sweet, bitter and warm; their connection degrees in the network are five, four and four, respectively.Fig. 1The ingredient-property-flavor-meridian tropism network of the RDS prescription. The network shows the interconnection of the nine ingredients in RDS and corresponding information about their TCM properties (hot, cool, warm, cold and neutral), flavors (sour, bitter, sweet, pungent and salty) and meridian tropisms (Liver, Gallbladder, Heart, Small Intestine, Spleen, Stomach, Lung, Large Intestine, Kidney and Urinary Bladder). The color scheme of the nodes and edges corresponds with the five elements and colors in TCM theory: green, wood; red, fire; yellow, earth; white, gold; black, water. Blue: the nine ingredients in RDS. ASA: Armeniacae Semen Amarum (Kuxingren); FSF: Forsythiae Fructus (Lianqiao); GLRR: Glycyrrhizae Radix et Rhizoma (Gancao); GS: Gleditsiae Spina (Zaojiaoci); GSRR: Ginseng Radix et Rhizoma (Renshen); LJF: Lonicerae Japonicae Flos (Jinyinhua); RDS: Respiratory Detox Shot; SPH: Schizonepetae Herba (Jingjie); SR: Scrophulariae Radix (Xuanshen); TCM: traditional Chinese medicine; VN: Nidus Vespae (Fengfang).Table 1Property, flavor and meridian tropism of ingredients in Respiratory Detox Shot.IngredientPropertyFlavorMeridian tropismLatin nameAcronymChinese nameWarmColdNeutralSweetBitterPungentSaltyLungStomachHeartSpleenLiverKidneyLarge IntestineSmall IntestineGinseng Radix et RhizomaGSRRRenshen√√√√√√√Glycyrrhizae Radix et RhizomaGLRRGancao√√√√√√Schizonepetae HerbaSPHJingjie√√√√Lonicerae Japonicae FlosLJFJinyinhua√√√√√Armeniacae Semen AmarumASAKuxingren√√√√Forsythiae FructusFSFLianqiao√√√√√Scrophulariae RadixSRXuanshen√√√√√√√Gleditsiae SpinaGSZaojiaoci√√√√Nidus VespaeVNFengfang√√√Total432542175422211[^2]

### 3.1.2. Chemical constituent database construction, target prediction and target gene retrieval {#s0090}

Among the nine herbs of the RDS prescription, eight were documented in the TCMSP database. The remaining one, Nidus Vespae, was found in the TCMID database. Information on the chemical constituents contained in individual ingredients of the RDS prescription was also found in the TCMSP and TCMID databases. A total of 1071 constituents were retrieved for all nine herbs. A total of 157 of these constituents passed the drug-likeness screening, and 339 preliminary targets were obtained in the target identification process ([Table S2](#s0155){ref-type="sec"}). The chemical constituents, their targets and their presence in RDS ingredients are reported in [Fig. S1](#s0155){ref-type="sec"}. The constituents that present among more than one ingredient are also identified in [Table S3](#s0155){ref-type="sec"}.

### 3.1.3. Construction of RDS ingredient--constituent--target and protein--protein interaction networks {#s0095}

Preliminary targets (339) of RDS constituents were mapped onto a HINT network, and the results were filtered, resulting in a reduced network with 346 edges and 148 nodes (i.e., 148 targets). This is referred to as the RDS network. These 148 targets corresponded to 155 chemical constituents; their connection with the ingredients of RDS is shown in [Fig. 2](#f0010){ref-type="fig"} . The protein--protein interactions were analyzed to reveal interactions among 148 target genes in the RDS network ([Fig. 3](#f0015){ref-type="fig"} ).Fig. 2RDS ingredient-constituent-target network. After mapping onto the HINT background network, the RDS network showed interconnections among the 148 predicted targets of RDS, the corresponding 155 constituents, and the nine ingredients. Diamond, RDS prescription; triangles, TCM ingredients in RDS; hexagons, chemical constituents TCM ingredients; arrowhead, predicted targets of RDS. ASA: Armeniacae Semen Amarum (Kuxingren); FSF: Forsythiae Fructus (Lianqiao); GLRR: Glycyrrhizae Radix et Rhizoma (Gancao); GS: Gleditsiae Spina (Zaojiaoci); GSRR: Ginseng Radix et Rhizoma (Renshen); HINT: High-quality INTeractomes; LJF: Lonicerae Japonicae Flos (Jinyinhua); RDS: Respiratory Detox Shot; SPH: Schizonepetae Herba (Jingjie); SR: Scrophulariae Radix (Xuanshen); TCM: traditional Chinese medicine; VN: Nidus Vespae (Fengfang).Fig. 3The protein--protein interaction network showing the 148 predicted RDS targets. The size of each node is proportional to the node degree. The color depth of the node is proportional to the regulated strength score (RSS) of the target. The targets with the highest RSS were heat-shock protein 90 kD α (cytosolic) class A member 1 (HSP90AA1), estrogen receptor 1 (ESR1), androgen receptor (AR), peroxisome proliferator-activated receptor γ (PPARG) and nuclear receptor coactivator 2 (NCOA2). Forty-two hub genes were circled in red line (solid and dotted line) and 11 genes with an RSS \>30 were circled in red dotted line. RDS: Respiratory Detox Shot.

### 3.1.4. Submodule analysis and protein-complex recognition of RDS target network with KEGG biological pathway enrichment {#s0100}

To find the clusters in the RDS network, submodule recognition analysis was performed on the 148 targets of the RDS network. Six submodules were identified, covering 23 out of the 148 targets ([Fig. 4](#f0020){ref-type="fig"} ). Gene ontology analysis via STRING revealed that 19 of the 23 genes were related to nucleoplasm.Fig. 4Cluster analysis and protein-complex recognition of the RDS target network. Cluster analysis was performed on the RDS target network to reveal its highly interconnected regions. Six clusters were identified, indicating their closely related biological functions. RDS: Respiratory Detox Shot.

To further reveal the structural and functional connections of the 23 genes in the submodules, enrichment analysis of "protein complex-based gene sets" was performed using the CPDB database. The results showed that gene products in Submodule 4 can form the "integrin α4β1:vascular cell adhesion molecule-1 (VCAM-1)" protein complex (complex source: reactome; *P* value = 1.15 × 10^−8^; [Fig. 4](#f0020){ref-type="fig"}d). Further, Submodule 3 can form an inhibitor of κB (IκB) kinase complex, including IκB kinase (IKK), inhibitor of nuclear factor κB kinase subunit α (IKKA, CHUK), elongator complex protein 1 (ELP1, IKBKAP), nuclear factor κB inhibitor α (NFKBIA), transcription factor p65 (NFKB3, RELA) and mitogen-activated protein kinase 14 (MAP3K14; complex source: CORUM; *P* value = 2.28 × 10^−7^; [Fig. 4](#f0020){ref-type="fig"}c). Additionally, cyclin-dependent kinase 4 and 6 (CDK4 and CDK6) and cyclin D2 (CCND2) in Submodule 5 can also form a protein complex ([Fig. 4](#f0020){ref-type="fig"}e).

### 3.1.5. Construction of RDS hub gene network and evaluation of RDS regulatory strength on the network {#s0105}

To further scrutinize the more important genes among the 148 targets in the RDS network, topological analysis was performed to calculate the average connection of the network. The mean node degree is 4.7, and the median is three. Therefore, nodes with a node degree greater than or equal to six are considered hub nodes, or the hub genes of the network. Forty-two hub genes were identified in the RDS target network ([Fig. 3](#f0015){ref-type="fig"}).

To measure the strength of regulatory effects on hub genes, we introduced a parameter called "RSS." Among the 42 hub genes of the target network, 11 genes had an RSS higher than 30.

### 3.1.6. Target-pathway and disease-target network construction with DAVID and STRING databases {#s0110}

The 42 hub gene proteins were uploaded to the STRING database for functional enrichment analysis. The statistical indicator was set as FDR \< 1 × 10^−6^. Thirty-nine pathways were obtained from the pathway enrichment analysis, and the top entries were signal transduction, transport and catabolism, cell growth and death, cellular community-eukaryotes, immune system, neural system, nervous system, development and regeneration ([Fig. 5](#f0025){ref-type="fig"} ).Fig. 5Kyoto Encyclopedia of Genes and Genomes pathway enrichment of the 42 RDS hub genes. Forty-two hub genes were analyzed for functional enrichment analysis using the STRING database, with FDR set at 1 × 10^−6^. A total of 39 pathways were identified and were mainly related to biological functions such as signal transduction, transport and catabolism and cell growth and death. Symbol size is proportional to the number of genes included. FDR: false discovery rate; RDS: Respiratory Detox Shot.

Enrichment analysis of the 42 hub genes via STRING and DAVID databases identified 29 related diseases, which involve 38 targets, corresponding to 134 chemical constituents of the nine ingredients comprising the RDS formula ([Fig. 6](#f0030){ref-type="fig"} ). Among them, 12 diseases were attributed to the Lung and Large Intestine meridians; they involved 32 targets that were related to 118 of the chemical constituents present in RDS. There were 4 disease pathways attributed to Liver and Gallbladder meridians, involving 18 targets that were related to 92 constituents. There were 6 disease pathways attributed to Kidney and Urinary Bladder meridians, involving 29 targets that were related to 125 constituents. There were 5 disease pathways attributed to Stomach and Spleen meridians, involving 14 targets that were related to 115 constituents, and 2 diseases attributed to Heart and Small Intestine meridians, involving 5 targets that were related to 121 constituents.Fig. 6The intricate network includes the disease pathways, their corresponding meridian tropism, RDS hub genes, the corresponding chemical constituents and traditional Chinese medicine ingredients. The circle in the center described the disease pathways and their corresponding meridian tropism. Nearly half of the disease pathways were related to the Lung meridian (white quadrangles), followed by the Stomach (yellow quadrangles) and Kidney meridians (black quadrangles). They all matched the primary therapeutic effects and the underlying Zang-fu viscera theory of the RDS prescription. ASA: Armeniacae Semen Amarum (Kuxingren); FSF: Forsythiae Fructus (Lianqiao); GLRR: Glycyrrhizae Radix et Rhizoma (Gancao); GS: Gleditsiae Spina (Zaojiaoci); GSRR: Ginseng Radix et Rhizoma (Renshen); LJF: Lonicerae Japonicae Flos (Jinyinhua); RDS: Respiratory Detox Shot; SPH: Schizonepetae Herba (Jingjie); SR: Scrophulariae Radix (Xuanshen); VN: Nidus Vespae (Fengfang).

Further, the disease-target network analysis revealed that there were seven pathways related to viral infections in the enrichment analysis ([Fig. S2](#s0155){ref-type="sec"}).

Based on the disease--targets--compounds network, five most connected compounds were MOL000098, MOL000006, MOL000173, MOL000497 and MOL000422, with connection degrees of 26, 19, 17, 16 and 16, respectively. The five most connected genes were estrogen receptor 1 (*ESR1*), heat-shock protein 90 kDa α (cytosolic) class A member 1 (*HSP90AA1*), androgen receptor (*AR*), peroxisome proliferator-activated receptor γ (*PPARG*), and glycogen synthase kinase 3β (*GSK3B*), which had connection degrees of 106, 90, 88, 85 and 75, respectively; this finding was in agreement with the protein--protein interaction analysis shown in [Fig. 3](#f0015){ref-type="fig"}.

There are five ingredients in the RDS formula that exert effects on the Stomach meridian, two ingredients on the Spleen meridian and two ingredients on the Kidney meridian. The Stomach, Spleen, and Kidneys are the Zang-fu viscera considered by TCM theory to generate the postnatal and prenatal Qi, which together determine one's overall wellness. Four ingredients in the RDS formula exert effects on the Heart meridian, and help to counteract the Lung's potential excessive reaction to the disease. Two ingredients exert a regulatory effect on the Liver, prevent the Liver from over-controlling the Lung, and thus allow the Lung full ability to respond to and fight the disease. From the TCM property and flavor perspectives, there are 4 warm, 3 cool and 2 neutral ingredients; 5 of the ingredients are sweet, 4 bitter, 2 pungent, and one has a salty flavor.

3.2. Molecular docking with SARS-CoV-2 3CL^pro^ (6LU7) and antiviral potential of RDS {#s0115}
-------------------------------------------------------------------------------------

To find out if RDS compounds will interact directly with SARS-CoV-2, molecular docking was modeled to evaluate the binding affinity between chemical constituents of RDS and 3CL^pro^ ([Fig. 7](#f0035){ref-type="fig"} ). After preliminary screening, the binding affinity between 118 constituents of RDS and 3CL^pro^ was calculated, alongside 14 antiviral drugs. Out of the 118 constituents, 48 had molecular binding affinity with 3CL^pro^ that was far less than --5.0 kJ/mol. This indicates that numerous bioactive compounds in RDS have the potential to interact directly with SARS-CoV-2, in addition to their effects on the body ([Fig. 7](#f0035){ref-type="fig"} and [Table 2](#t0010){ref-type="table"} ).Fig. 7RDS candidate compounds and representative results of molecular docking with severe acute respiratory syndrome coronavirus 2 3CL^pro^ (6LU7). Schematic diagrams demonstrated the 3CL^pro^ binding sites and proximate affinity of candidate compounds in RDS and valganciclovir, an antiviral drug approved by the US Food and Drug Administration. Black dots: carbon atoms; blue dots: nitrogen atoms; red dots: oxygen atoms; green dotted lines: hydrogen bonds; red combs: amino acid residues. 3CL^pro^: 3-chymotrypsin-like protease; RDS: Respiratory Detox Shot.Table 2The binding energy values of the core compounds in RDS and effective drugs reported clinically with SARS-CoV-2 3CL^pro^.No.SourceIDEnglish nameOB (%)DLMolecular formulaMolecular weight (D)3CL^pro^ binding affinity (kJ/mol)0PDBPeptide-like/inhibitor6lu7_ligandC~35~H~48~N~6~O~8~680.79−24.701ASAMOL010921Estrone53.560.32C~18~H~22~O~2~270.16−23.442ASAMOL002311Glycyrol90.780.67C~21~H~18~O~6~366.11−24.283ASAMOL004355Spinasterol42.980.76C~29~H~48~O412.37−22.604ASAMOL004841Licochalcone B76.760.19C~16~H~14~O~5~286.08−22.605ASAMOL004903Liquiritin65.690.74C~21~H~22~O~9~418.13−28.886ASAMOL004908Glabridin53.250.47C~20~H~20~O~4~324.14−24.707ASAMOL012922l-SPD87.350.54C~19~H~21~NO~4~327.15−25.538GSRRMOL000358β-sitosterol36.910.75C~29~H~50~O414.72−20.939GSRRMOL000422Kaempferol41.880.24C~15~H~10~O~6~286.24−24.7010FSFMOL003283(2R,3R,4S)-4-(4-hydroxy-3-methoxy-phenyl)-7-methoxy-2,3-dimethylol-tetralin-6-ol66.510.39C~20~H~24~O~6~360.41−24.7011FSFMOL003305PHILLYRIN36.400.86C~27~H~34~O~11~534.56−23.4412\*FSFMOL000006Luteolin36.160.25C~15~H~10~O~6~286.24−28.8813\*FSFMOL000098Quercetin46.430.28C~15~H~10~O~7~302.24−27.2114\*GSMOL013179Fisetin52.600.24C~15~H~10~O~6~286.24−27.2115GSMOL013296Fustin50.910.24C~15~H~12~O~6~288.26−25.9516GSMOL000449Stigmasterol43.830.76C~29~H~48~O412.70−23.4417SRMOL002222Sugiol36.110.28C~20~H~28~O~2~300.44−24.2818SRMOL007662Harpagoside_qt122.870.32C~18~H~20~O~6~332.35−23.8619SPHMOL011856Schkuhrin I54.450.52C~22~H~28~O~8~420.18−27.2120SPHMOL002881Diosmetin31.140.27C~16~H~12~O~6~300.06−23.8621VNCoriatinGoodAcceptedC~15~H~18~O~5~278.12−24.2822GLRRMOL004898(E)-3-\[3,4-dihydroxy-5-(3-methylbut-2-enyl)phenyl\]-1-(2,4-dihydroxyphenyl)prop-2-en-1-one46.270.31C~20~H~20~O~5~340.38−23.4423GLRRMOL004904Licopyranocoumarin80.360.65C~21~H~20~O~7~384.38−25.1224GLRRMOL004910Glabranin52.900.31C~20~H~20~O~4~324.38−24.7025GLRRMOL004911Glabrene46.270.44C~20~H~18~O~4~322.36−28.4626GLRRMOL004912Glabrone52.510.50C~20~H~16~O~5~336.34−28.0527GLRRMOL004915Eurycarpin A43.280.37C~20~H~18~O~5~338.36−24.2828\*GLRRMOL004949Isolicoflavonol45.170.42C~20~H~18~O~6~354.36−26.3729GLRRMOL0049591-Methoxyphaseollidin69.980.64C~21~H~22~O~5~354.40−23.8630GLRRMOL004961Quercetin der.46.450.33C~17~H~14~O~7~330.29−26.7931GLRRMOL000497Licochalcone A40.790.29C~21~H~22~O~4~338.40−22.6032GLRRMOL000500Vestitol74.660.21C~16~H~16~O~4~272.30−24.2833GLRRMOL005008Glycyrrhiza flavonol A41.280.60C~20~H~18~O~7~370.36−25.5334GLRRMOL001484Inermine75.180.54C~16~H~12~O~5~284.27−23.8635GLRRMOL000239Jaranol50.830.29C~17~H~14~O~6~314.29−24.2836GLRRMOL000354Isorhamnetin49.600.31C~16~H~12~O~7~316.27−25.1237GLRRMOL003656Lupiwighteone51.640.37C~20~H~18~O~5~338.36−23.8638GLRRMOL000392Formononetin69.670.21C~16~H~12~O~4~268.27−25.1239GLRRMOL000417Calycosin47.750.24C~16~H~12~O~5~284.27−25.1240GLRRMOL004328Naringenin59.290.21C~15~H~12~O~5~272.26−24.2841\*GLRRMOL004810Glyasperin F75.840.54C~20~H~18~O~6~354.36−27.2142GLRRMOL004811Glyasperin C45.560.40C~21~H~24~O~5~356.42−24.2843\*GLRRMOL004827Semilicoisoflavone B48.780.55C~20~H~16~O~6~352.34−25.5344GLRRMOL004829Glepidotin B64.460.34C~20~H~20~O~5~340.38−26.3745GLRRMOL004856Gancaonin A51.080.40C~21~H~20~O~5~352.39−24.2846GLRRMOL004879Glycyrin52.610.47C~22~H~22~O~6~382.41−24.2847\*GLRRMOL004884Licoisoflavone B38.930.55C~20~H~16~O~6~352.34−26.7948GLRRMOL004885Licoisoflavanone52.470.54C~20~H~18~O~6~354.36−24.28s1LopinavirC~37~H~48~N~4~O~5~628.80−22.19s2RitonavirC~37~H~48~N~6~O~5~S~2~720.96−24.28s3RemdesivirC~27~H~35~N~6~O~8~P602.58−28.05s4DarunavirC~27~H~37~N~3~O~7~S547.66−24.28s5ArbidolC~22~H~25~BrN~2~O~3~S531.89−21.35s6ChloroquineC~18~H~26~ClN~3~319.87−18.84s7IndinavirC~36~H~47~N~5~O~4~613.79−26.79s8SaquinavirC~38~H~50~N~6~O~5~670.84−30.56s9NelfinavirC~32~H~45~N~3~O~4~S567.78−25.53s10TipranavirC~31~H~33~F~3~N~2~O~5~S602.66−27.63s11Cyclosporin AC~62~H~111~N~11~O~12~1202.64171.62s12VancomycinC~66~H~75~Cl~2~N~9~O~24~1449.25114.69s13RibavirinC~8~H~12~N~4~O~5~244.20−25.95s14ValganciclovirC~14~H~22~N~6~O~5~354.36−26.79[^3]

To validate the accuracy and sensitivity of the computational parameters used in the molecular docking, we also tested 14 approved antiviral drugs with reported clinical application against SARS-CoV-2, and the results were consistent with previous studies ([Fig. 7](#f0035){ref-type="fig"} and [Table 2](#t0010){ref-type="table"}).

Based on the network pharmacology and molecular docking analysis, we purchased pure samples of the 48 compounds with modeled binding affinity to perform an *in vitro* 3CL^pro^ inhibition assay, which would help to validate their bioactivity. It was found that at a concentration of 100 µmol/L, 22 of the candidates had an inhibition rate of greater than 50% (data not shown). The 22 samples with validated 3CL^pro^ inhibition activity were then quantified in the RDS formula using LC--MS analysis of RDS decoction.

3.3. Phytochemical analysis of RDS {#s0120}
----------------------------------

Satisfactory separation of major peaks was achieved in both negative and positive ion modes ([Fig. 8](#f0040){ref-type="fig"} and [Fig. S3](#s0155){ref-type="sec"}). By comparison with the TCM library, 116 peaks were identified or tentatively characterized by element composition and fragment-matching analyses; these are listed in online supplementary [Table S4](#s0155){ref-type="sec"}.Fig. 8Representative base ion chromatograms of Respiratory Detox Shot from the ultra high-performance liquid chromatography/quadrupole time-of-flight mass spectrometry analysis. Base ion chromatograms of the positive ions (upper) and the negative ions (lower) were obtained for candidate compounds. The *X*-axis represents retention time (minutes) of the chromatogram. The *Y*-axis represents intensity (counts) of peaks in the chromatogram. BPI: base peak intensity; Rt: retention time.

Among them, 47 of the identified constituents may be from Lonicerae Japonicae Flos, and 21 may be from Forsythiae Fructus, which provided half of the identified constituents. Glycyrrhizae Radix et Rhizoma contained 20 of the constituents, and 16 of them were found in Ginseng Radix et Rhizoma. About 80% of the constituents were provided by 4 herbs. The other 5 herbs contained less than 10 of the identified constituents.

Based on the results from virtual screening and *in vitro* 3CL^pro^ inhibition assay, we performed LC--MS-targeted extraction and analysis of the 22 bioactive constituents in combination with their chemical standards and the sample solution prepared from the water decoction of RDS. In the RDS sample, seven bioactive compounds could be identified and confirmed ([Table 3](#t0015){ref-type="table"} ).Table 3Screen targeted compounds in total ion chromatogram of liquid chromatography mass spectrometry.No.CompoundOriginRt (min)AdductMass-to-charge ratio\
(*m/z*)Mass error\
(×10^−6^)FormulaName1C020[\*](#tblfn1){ref-type="table-fn"}*Forsythiae Fructus*13.49+H/−H287.0541/285.0401−3.1/−1.3C~15~H~10~O~6~Luteolin2C116[\*](#tblfn1){ref-type="table-fn"}*Glycyrrhizae Radix et Rhizoma*22.66--H351.0868−1.6C~20~H~16~O~6~Licoisoflavone B3C023[\*](#tblfn1){ref-type="table-fn"}*Gleditsiae Spina*13.49+H/--H287.0541/285.0401−3.1/−1.3C1~5~H~10~O~6~Fisetin4C022[\*](#tblfn1){ref-type="table-fn"}*Forsythiae Fructus*9.84+H303.0493−2.2C~15~H~10~O~7~Quercetin5C093[\*](#tblfn1){ref-type="table-fn"}*Glycyrrhizae Radix et Rhizoma*20.69--H353.1021−2.9C~20~H~18~O~6~Glyasperin F6C057[\*](#tblfn1){ref-type="table-fn"}*Glycyrrhizae Radix et Rhizoma*20.09+H355.1175−0.3C~20~H~18~O~6~Isolicoflavonol7C099[\*](#tblfn1){ref-type="table-fn"}*Glycyrrhizae Radix et Rhizoma*22.66--H351.0868−1.6C~20~H~16~O~6~Semilicoisoflavone-B[^4]

4. Discussion {#s0125}
=============

In the current study, the prevention and treatment of the new coronavirus pneumonia with RDS was analyzed systematically. We used a computer-based rational prediction and exploration method to identify candidate chemical constituents from the ingredients of the RDS formula, based on TCM theory and documented patterns of interaction. These candidate chemical constituents were validated using pure samples and their presence in RDS was verified using LS--MS. Intricate networks were constructed for chemical constituents of RDS to unveil the complex interactions among its nine ingredients, properties, flavors and meridian tropisms. Analyzing the treatment principle and method from a systemic perspective, it reveals that RDS achieves its therapeutic effects mainly targeting the Lung and involving other Zang-fu viscera simultaneously.

In the cluster analysis of the RDS network, six submodules were identified, covering 23 out of the 148 targets. Gene ontology analysis of STRING revealed that most genes were related to nucleoplasm, and all six submodules are highly interconnected in their biological functions. Enrichment analysis of protein complex-based gene sets was performed to further reveal the structural and functional connections of the 23 genes in the submodules. The results showed that gene products can form "integrin α4β1:VCAM-1" protein complex ([Fig. 4](#f0020){ref-type="fig"}d) and IκB kinase complex ([Fig. 4](#f0020){ref-type="fig"}c). These results indicated that the 23 genes in the submodules may be functionally connected and synergistically regulated. It is well known that VCAM-1 plays an important role in leukocyte migration and inflammatory response, by interacting with integrin α-4/β-1 (ITGA4/ITGB1) on leukocytes [@b0255], [@b0260]. Also, IκB kinase complex is the master regulator of the canonical nuclear factor κB inflammation pathway, which is closely related to the body's inflammatory response [@b0265], [@b0270]. RDS may have regulatory effects on the formation of an inflammatory storm to reduce excessive inflammation of the body, which ameliorates the severe systemic damage in COVID-19 patients.

The 148 targets in the RDS network were further scrutinized and 42 genes were defined as "hub genes" of the network, which usually have more significant influence and play a more critical role in the network. Forty-two hub genes were identified in the RDS target network ([Fig. 3](#f0015){ref-type="fig"}). We introduced the RSS parameter to measure the strength of regulatory effects on hub genes. The higher the RSS score is, the stronger the RDS effect on the hub genes. There are 11 genes most strongly affected by the compounds in RDS. Thus, these 11 genes may play a more significant role in therapeutic effects of RDS prescription.

From the 42 hub genes, 39 pathways were identified from the pathway enrichment analysis, and the most important were signal transduction, transport and catabolism, cell growth and death, cellular community--eukaryotes, immune system, neural system, nervous system, development and regeneration ([Fig. 5](#f0025){ref-type="fig"}). This result indicated that these pathways might be critical biological processes through which RDS achieves its therapeutic effect.

The enrichment analysis of 42 hub genes with STRING and DAVID databases identified disease pathways that involved 38 targets related to 134 chemical constituents of the nine ingredients of RDS ([Fig. 6](#f0030){ref-type="fig"}). These results demonstrated the complex regulatory mechanism of TCM, which involves multiple bioactive constituents working on multiple targets and acting on multiple disease pathways. Importantly, viral infection-related pathways were also indicated in the disease pathway enrichment analysis ([Fig. S2](#s0155){ref-type="sec"}), indicating potential therapeutic effects of RDS on viral infections.

Based on the "disease--targets--constituents" network, the five most connected genes were *ESR1*, *HSP90AA1*, *AR*, *PPARG* and *GSK3B*; this result agreed with the protein--protein interaction analysis shown in [Fig. 3](#f0015){ref-type="fig"}. All five genes were in key nodes of the RDS network, indicating that these compounds and targets may play a greater regulatory function in the RDS network. Delving further into the biological functions of the five genes and their proteins, all have significant roles in gene expression, cellular proliferation and differentiation, while *PPARG* and *GSK3B* are also involved in lipid and glucose metabolism, respectively. RDS may affect these crucial host cellular pathways to enhance overall health of the body and improve the body's ability to fight against viruses. Unlike SARS, where the most affected organ is the lung, the new coronavirus attacks not only the lung, but also the heart, kidneys, intestines and other organs, causing multiple organ failure within a short time window. Although the disease is located in the lung and requires immediate medical care, in TCM theory it is necessary to consider that deficiency of the Lung will affect the Stomach and the Spleen and damage the Heart and the Kidneys as well. Based on the analysis of the ingredients and meridian tropism network, seven out of nine ingredients enter the Lung meridian, because the disease is located in the Lungs and should be treated with priority. Through the present analysis, which incorporates elements of allopathic medicine and TCM meridian tropism, it can be seen that TCM encompasses therapeutic effects that may extend beyond our current scientific, measurable understanding of the disease process. Fortunately, the lack of precision in pairing TCM's theoretical framework with the currently-known understanding of COVID-19 has not hindered its successful application in this critical disease. The RDS formula focuses on, and often successfully treats, the body as a whole, rather than treating isolated symptoms.

The present network analysis used an integrative perspective to explore connections and interactions among the chemical constituents of the RDS formula, their targets and pathways, as well as how the bioactive components of RDS may work on the human body to combat COVID-19. However, it is unknown whether the candidate compounds in RDS have any anti-coronavirus activity, such as blocking the penetration, uncoating or synthesis of viral proteins or nucleic acids. The SARS-CoV-2 3CL^pro^ (PDB: 6LU7) is required for the replication of coronaviruses and considered a validated target in the design of potential anti-coronavirus inhibitors [@b0100], [@b0110], [@b0115]. A computational strategy for modeling molecular docking was used to evaluate the affinity between candidate constituents of RDS and 3CL^pro^. This technique helps to identify RDS constituents that may interact directly with SARS-CoV2 ([Fig. 7](#f0035){ref-type="fig"}). After preliminary screening, 48 constituents demonstrated binding affinity with 3CL^pro^; using commercially available samples of these constituents, 22 out of the 48 had inhibition rates greater than 50% at a concentration of 100 µmol/L, in the 3CL^pro^ inhibition assay (unpublished data). These results indicate that the bioactive constituents of RDS might possess direct anti-SARS-CoV-2 activity in addition to their effects on the body. In the phytochemical analysis of RDS, about 80% of the constituents identified were provided by four of the nine herbs in the formula. The other five herbs each contained fewer than 10 of the identified constituents. Based on the results from the virtual screening and the *in vitro* 3CL^pro^ inhibition assay, seven out of 22 bioactive constituents could be identified and confirmed using LC--MS targeted extraction and analysis ([Table 3](#t0015){ref-type="table"}). The results suggested that these seven bioactive compounds could be used in a subsequent study for drug discovery and could be important makers for quality control testing of the prescription.

A literature search was also performed to retrieve prior studies on the seven bioactive compounds identified in this study [@b0065]. Half of the ingredients in the RDS prescription are classic toxin-clearing TCM with antiviral activity, including Forsythiae Fructus, Lonicerae Japonicae Flos, Schizonepetae Herba, Gleditsiae Spina and Nidus Vespae [@b0055]. Among the seven compounds, luteolin [@b0275], [@b0280], [@b0285], [@b0290] and quercetin [@b0295] from Forsythiae Fructus, and fisetin from Gleditsiae Spina [@b0300] have been studied for their toxin-clearing and antiviral activities. Besides, some understudied compounds from Glycyrrhizae Radix et Rhizoma (e.g., licoisoflavone B, glyasperin F, isolicoflavonol and semilicoisoflavone-B) have also shown similar inhibitory effects against 3CL^pro^, indicating their antiviral potential. These bioactive constituents and ingredients should be considered to be new candidate drugs and may provide novel perspectives to antiviral drug discovery and development.

5. Conclusions {#s0130}
==============

Inspired by the fact that the TCM prescription, Lung-toxin Dispelling Formula No. 1 (RDS), has been successfully used clinically to treat severe and critical cases of COVID-19 in China, and has been used as a preventive dietary supplement for COVID-19 in the US, this study applied network pharmacology, molecular docking and UPLC/QTOF MS approaches to reveal the complex interactions between the TCM prescription and the disease. In this study, the multi-faceted system of TCM prescription has been integrated with the targets, disease pathways and their Zang-fu viscera to show an intricate network of interaction. This work shows that applying modern biological and pharmacological technologies to TCM research can deepen the mechanistic understanding of TCM compound formulas and better promote their clinical application. There is no doubt that the establishment of novel prescriptions based on TCM theory requires more effective integration of sub-disciplines and technologies.

To further understand the underlying mechanisms of TCM, future studies will analyze the biochemically active compounds present in RDS and their mechanisms of action, using metabolomics, proteomics and other state of the art technologies.
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[^1]: These authors made equal contribution to this work.

[^2]: √: Ingredient in Respiratory Detox Shot with the identified poverty, flavor and meridian tropism.

[^3]: RDS core compounds and their binding affinity with 3CL^pro^ were presented. \*: compounds identified and confirmed in the following liquid chromatography-tandem mass spectrometry analysis. ASA: Armeniacae Semen Amarum (Kuxingren); 3CL^pro^: 3-chymotrypsin-like protease; D: Daltons; DL: drug-likeness; FSF: Forsythiae Fructus (Lianqiao); GLRR: Glycyrrhizae Radix Et Rhizoma (Gancao); GS: Gleditsiae Spina (Zaojiaoci); GSRR: Ginseng Radix Et Rhizoma (Renshen); LJF: Lonicerae Japonicae Flos (Jinyiinhua); PDB: protein data bank; OB: oral bioavailability; RDS: Respiratory Detox Shot; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; SPH: Schizonepetae Herba (Jingjie); SR: Scrophulariae Radix (Xuanshen); VN: Vespae Nidus (Fengfang).

[^4]: The peak in chromatogram of sample solution had the same retention time in chromatogram of standard solution. Rt: retention time.
